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1.  采用循环伏安 (CV) 法在玻碳 (GC) 上电沉积制备了 Fe 纳米粒子。扫
描电子显微镜 (SEM) 和高分辨透射电子显微镜 (HRTEM) 表征表明，Fe 纳米粒
子为单晶，且呈立方体形状。在此基础之上，通过滴加或浸泡 K2PtCl6 溶液，使
之发生不同程度的电荷置换反应，制得两种 FePt 纳米电催化剂。SEM、HRTEM
和 CV 表征表明，它们均表现出以 Fe 为核和以 Pt 为壳的特征。其中，nmFePt/GC 
(Ⅰ) 电催化剂为实心结构，nmFePt/GC ( )Ⅱ  电催化剂为空心结构。X-射线能量
散射谱 (EDX) 结果显示，nmFePt/GC (Ⅰ) 中 Fe、Pt 的原子比为 98 : 2；
nmFePt/GC ( )Ⅱ  中 Fe、Pt 的原子比为 1 : 3。 
2.  通过循环伏安法 (CV) 和电位程序阶跃实验 (CA)，研究了碱性环境中
两种不同结构的FePt/GC电催化剂对亚硝酸盐 (本论文选取亚硝酸钠为研究对象) 
的电还原性能，并与 CV 沉积 4 周制备的纳米 Pt 电催化剂 (nm-Pt/GC) 作对比。
CV 研究结果表明，亚硝酸钠在 nm-FePt/GC (Ⅰ) 上的起始还原电位 (Ei) 比
nm-Pt/GC 正移了 0.21V，还原峰电流密度 (ip) 是 nm-Pt/GC 的 6.8 倍；nm-FePt/GC 
(Ⅱ) 的 Ei比 nm-Pt/GC 正移了 0.11V，ip 是 nm-Pt/GC 的 3.0 倍。CA 研究结果进
一步表明，当控制阶跃电位为-0.76V，且恒电位反应 10 分钟时，3 种催化剂的活
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征相吻合，这是因为 FePt 纳米催化剂是一种 Fe 核 Pt 壳结构的材料，由于两种
金属之间的电子效应，即“协同作用”，使得该纳米催化剂的活性大大优于单纯
的 Pt 或 Fe。 
3.  在 0.1mol L-1 HClO4 溶液中，采用 CV 法研究了 nm-FePt/GC (Ⅰ) 和 
nm-FePt/GC (Ⅱ) 的电化学特征。结果指出，相对于 nm-Pt/GC，nm-FePt/GC (Ⅰ) 
和 nm-FePt/GC (Ⅱ) 均表现出与之类似的氢在 Pt 电极表面的吸脱附特征，且循环
伏安曲线重现性较好。进一步表明无论是实心结构还是空心结构的纳米电催化剂
均可表现出 Fe 核 Pt 壳材料的特征。 
4.  在酸性体系中，通过 CV 法研究了不同电催化剂对乙醇的电催化氧化性
能。与 nm-Pt/GC 相比，正向电位扫描时，在 nm-FePt/GC (Ⅰ) 和 nm-FePt/GC (Ⅱ) 
上，乙醇电氧化过程的起始氧化电位分别提前了 77mV 和 44mV；乙醇氧化的峰
电流密度分别是 nm-Pt/GC 的 2.06 和 2.16 倍，说明两种结构的 FePt 催化剂对乙
醇氧化具有较高的电催化活性。电位程序阶跃研究结果表明，两种结构的 FePt
催化剂对乙醇的氧化电流密度是 nm-Pt/GC 催化剂的 1.7 ~ 2.5 倍。对经电催化反
应之后的 FePt 催化剂进行的 SEM结果表明，无论是实心还是空心结构的催化剂，
其表面纳米粒子均保持反应前的立方体状，且没有发生团聚，说明 FePt 催化剂
既具有较高的催化活性又具有较好的化学稳定性。 
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Abstract 
Platinum-group metal nanomaterials are widely used as catalysts applied in 
petrochemistry, fuel cells and other important fields. Since platinum is a precious 
metal, the key scientific and technological issue of platinum catalysts is to further 
improve their activity, stability and utilization efficiency. Most of the recent efforts 
have focused on decreasing platinum utilization, increasing the catalytic efficiency by 
preparing Pt-based bimetallic catalysts. Arranging platinum as thin shells on proper 
non-noble-metal cores not only greatly reduces their usage but also could significantly 
modify (enhance) their catalytic properties, as a result of the synergistic structural and 
electronic effects of the two metals (via the so-called strain and ligand effects). 
In this thesis, glassy carbon supported solid and hollow nanostructured FePt 
catalysts were prepared by two steps. The catalytic properties of the FePt 
nanocatalysts toward nitrite reduction in alkaline medium and ethanol oxidation in 
acidic medium were investigated. The main results are as following: 
1.  Fe nanoparticles supported on glassy carbon were prepared by cyclic 
voltammetric (CV) electrodeposition method. The structure of the Fe nanoparticles 
were characterized by scanning electron microscopy (SEM) and high resolution 
transmission electron microscopy (HRTEM). The results demonstrated that the Fe 
nanoparticles with cubic shape were single crystals matching with the body-centered 
cubic crystal system. FePt nanocatalysts were further obtained through different 
degrees of galvanic replacement reaction between Fe nanoparticles and K2PtCl6 
solution. The structure of FePt nanocatalysts were characterized by SEM, TEM, CV 
and energy dispersive X-ray spectroscopy (EDX). It was shown that the FePt 
nanoparticles exhibited core-shell structure with Fe cores and Pt shells. One of them is 
solid structure {nmFePt/GC (Ⅰ)} with Fe: Pt ratio of ca. 98 : 2, the other is hollow 
structure {nmFePt/GC (Ⅱ)} with Fe: Pt ratio of ca. 1 : 3. 
2.  The catalytic properties of the two different structures of FePt/GC 
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voltammetric (CV) and chronoamperometry (CA) methods, in comparison with the 
data obtained on nm-Pt/GC electrocatalyst. The results demonstrated that the onset 
potential (Ei) of nitrite reduction on nm-FePt/GC (Ⅰ) had been shifted positively 
about 0.21V, and the steady reduction current density (ip) was 6.8 times larger; Ei on 
nm-FePt/GC (Ⅱ) had been shifted positively about 0.11V, and ip was 3.0 times larger. 
The catalytic activity is in the order of: nm-FePt/GC (Ⅰ) > nm-FePt/GC (Ⅱ) > 
nm-Pt/GC. The remarkably high activity of FePt nanocatalysts may come from the 
effect of the cooperating function of Fe element. 
3.  The electrochemical behavior of nm-FePt/GC (Ⅰ) and nm-FePt/GC (Ⅱ) in 
0.1mol L-1 HClO4 solution were studied under CV condition. The results indicated 
that both the solid one and the hollow one have a core-shell structure. 
4.  The catalytic properties of the two different structures of FePt/GC toward 
ethanol electrooxidation were investigated by cyclic voltammetric (CV) and 
chronoamperometry (CA) methods, in comparison with the data obtained on 
nm-Pt/GC. The results demonstrated that the onset potentials of ethanol oxidation 
were shifted negatively by 77mV and 44mV, the oxidation current density were 2.06 
and 2.16 times higher in comparison with nm-Pt/GC electrode, respectively. The 
structure of the FePt nanoparticles after catalytic tests were characterized by SEM. 
Whether nm-FePt/GC (Ⅰ) or nm-FePt/GC (Ⅱ) remains cubic shape. It illuminated 
that the FePt catalysts have high catalytic activity as well as good chemical stability. 
FePt electrocatalysts prepared in this thesis not only obviously decrease the 
usage of Pt but also enhance its catalytic activity and stability, and will be used as 
promising catalysts in environmental protection, fuel cells and a variety of other 
electrocatalytic applications. 
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第一章  绪论 










尔物理学奖得主 Richard Phillips Feynman。1959 年 12 月，在美国物理学会年会






Taniguchi 早使用纳米技术 (nanotechnology) 一词描述精细机械加工。20 世纪
70 年代末，麻省理工学院教授 K. Eric Drexler 提倡纳米技术的研究，但当时多数
主流科学家对此持怀疑态度。纳米科技的迅速发展是在 20 世纪 80 年代末、90
年代初：80 年代科学家发明了费曼所期望的用于纳米科技研究的重要仪器——
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纳米 (nanometer, nm) 就字面而言，只是一种尺度，它和我们所熟悉的米 
(m)、毫米 (mm)、微米 (m) 一样都是长度计量单位。1 纳米等于 10-9 米，也就
是说，1 纳米只有 10 亿分之一米、百万分之一毫米、千分之一微米。仅从上述
的数字，也许我们不能马上想象出纳米这一尺度的大小，让我们再进一步来描述
一下：人体内的血红细胞的直径大约为 7000 纳米；人头发的直径大约有 60000 ~ 
80000 纳米；而人的身高则高达 10 几亿纳米 [5]。 









所引起的性质上的变化。例如：粒子粒径从 100nm 减小至 1nm，其表面原子占
粒子中原子总数的比例即从 20%增加到 90%。这是因为，随着粒子粒径的减小，
其比表面积增大：如粒径为 1nm 的粒子其比表面积是粒径为 100nm 的 100 倍。
利用这一性质，人们可以在许多方面使用纳米材料来提高材料的利用率并开发纳
米材料的新用途，如提高催化剂效率、吸波材料的吸波率、涂料的遮盖率以及杀
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